Reduction of ketimine with trichlorosilane was carried out using bisformamide catalyst 1a derived from cyclohexanediamine to give the corresponding product in 81% yield with 39% ee. Deprotection of the formyl groups of the catalysts 1 gave the corresponding diamines 2 which were utilized in aldol reaction of acetone with 4-nitrobenzaldehyde. The reaction using 2b in brine afforded the aldol adduct in 81% yield with 29% ee.
Introduction
The field of organocatalysis has been rapidly growing in recent years because the reactions have evolved into a non-metal, abundant, and environmentally benign methodology [1] [2] [3] . Recently, we have succeeded in asymmetric allylation reaction of arylaldehydes with allyltrichlorosilane using bisformamide organocatalysts 1 ( Figure  1 ) which were prepared from cyclohexanediamine [4, 5] . We thought that the catalysts 1 would also be useful for other reactions such as reduction of ketimines with trichlorosilane because trichlorosilane was activated by Lewis bases [6, 7] . Since Matsumura et al. have reported the first chemo-and stereo-selective reduction of imines using trichlorosilane in the presence of formamides as Lewis bases [8] , the reduction using various formamides has been reported. However, there are few reports on the reaction using bisformamides [9] . In addition, we thought that deprotection of the formyl groups of the catalysts 1 would give secondary diamine catalysts 2 which would also be utilized in further reactions such as aldol reactions [10] . The diamine catalysts 2 could also be converted to the bisformamide catalyst 1 by protection of amino groups, showing that both catalysts 1 and 2 were easily converted to each other. This recycle system of the catalysts has not been reported yet, thus our novel design concept would be useful for organic synthetic chemistry. Here we report the recyclable organocatalysts derived from cyclohexanediamine and application for reduction of ketimine and aldol reaction.
Results and Discussion

Reduction of Ketimine with Trichlorosilane by Using Bisformamide Catalysts 1
First, catalysts 1 were prepared from cyclohexanediamine as we reported before [4] . Reduction of ketimine 3 (2.5 mmol) with trichlorosilane (2 equiv to ketimine) was conducted in dichloromethane (2 mL) ( Table 1) . To our surprise, reaction proceeded under quite similar conditions as we reported before on the asymmetric allylation The absolute stereochemistry of major enantiomer was S.
reaction only except for temperature [5] . Reaction using the catalyst 1a afforded high yields of the corresponding amine 4 even at the low temperature (entries 1 -5). We also examined the enantiomeric excesses of 4, and the best result was obtained at −78˚C (39% ee (S) in entry 5). Reaction with 1b also proceeded in high yield (entry 6).
Aldol Reaction of Acetone with 4-Nitrobenzaldehyde in the Presence of Diamine Catalysts 2
Next, the catalysts 1 were converted to the corresponding diamine 2 using similar method as in the literature [11] . The aldol reaction of acetone with 4-nitrobenzaldehyde was carried out in the presence of 2 in various solvents ( Table 2) . Unfortunately, the use of the same solvent as in the Table 1 gave dehydrated product 6 (entry 1). However, water-containing solvents (entries 4 -7 and 9) or ionic liquid (entry 8) afforded the corresponding product 5. The reaction using 2b gave better yields (entries 5 -9). High yield was observed in aqueous NH 4 Cl or brine (entries 7 and 9). The enantiomeric excess of the product was also examined and best ee was observed with 2b in brine at 0˚C (entry 9, 29% ee (R)).
Conclusion
In conclusion, we have succeeded in reduction of ketimine with trichlrosilane in the presence of catalyst 1a in 81% -97% yields (up to 39% ee), and aldol reaction of 4-ni- trobenzaldehyde with acetone in the presence of catalyst 2b afforded the aldol adduct in 81% yield (29% ee). Both catalysts 1 and 2 were easily converted to each other by changing the protecting groups.
Experimental Section
All organic substrates were commercially available and were used without any purification. Solvents for chromatography and extraction were purchased from commercial suppliers and used without further purification. Thinlayer chromatography (TLC) analysis of reaction mixtures was performed using Merck TLC plates (silica gel 60GF-254, 0.25 mm) and visualized by using UV (254 nm). The products were purified by flash column chromatography on silica gel 60 (Merck 1.09386.9025, 230 -400 mesh). 
General Procedure for Reduction of Ketimine with Trichlorosilane by Using Bisformamide Catalysts 1
To a stirred solution of catalyst (1.0 mmol), pottasium carbonate (8.0 equiv to ketimine), ketimine (2.5 mmol) in dry dichloromethane (2 mL) was added trichlorosilane (2 equiv to ketimine) at r.t. under Ar. The reaction was stirred for 72 h, quenched with saturated aqueous 3 NaHCO (1 mL), and the mixture was filtered. The solvent was evaporated and the crude product was purified by column chromatography (dichloromethane:hexane = 1:1) to give the corresponding product. The product was identified with the spectral data in the literature [12] . Enantiomeric excess was determined by HPLC with Chiralcel OD column (hexane:2-propanol = 9:1), flow rate = 1.0 mL/min, retention time: 
Aldol Reaction of Acetone with 4-Nitrobenzaldehyde in the Presence of Secondary Amine Catalysts 2
To a stirred solution of catalyst (0.5 mmol), 4-nitrobenzaldehyde (1.0 mmol) in brine (1 mL) was added to the acetone (10.0 equiv to the aldehyde). The reaction mixture was stirred, and after the reaction was completed (monitored by TLC), dichloromethane was added to the mixture. The mixture was extracted with dichloromethane, and organic layers were dried over Na 2 SO 4 . After filteration, the solvent was evaporated to give the crude product which was purified by column chromatography (ethyl acetate:hexane = 2:1). The product was identified with the spectral data in the literature [13] . The enantiomeric excess was determined by HPLC with Chiralpak AS column (hexane/2-propanol = 95:5), flow rate = 1.0 mL/min, retention time: 10.6 min (mionr), 13.6 min (major 
